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ABSTRACT 
GHG emissions from palm plantations are a major environmental issue in main producing 
countries. Through its working groups, RSPO developed a GHG calculator, PalmGHG, 
which can help the producers to monitor the GHG emissions from their supply areas and mill 
units and establish reduction plans. In 2013, the use of PalmGHG (or an RSPO endorsed 
equivalent) has been integrated in the revised Principles & Criteria for the Production of 
Sustainable Palm Oil (P&C 2013), which created an emulation to tackle this GHG issue. This 
paper provides an overview of the development of PalmGHG and its various versions as well 
as explains the main characteristics, calculation assumptions and features. 
 
INTRODUCTION 
Agriculture contributes roughly 13.5 percent to global GHG emissions (IPCC, 2007a). In 
particular, agriculture is the largest source of global anthropogenic emissions of methane (52 
percent) and nitrous oxide (84 percent) (Smith et al., 2008). Moreover, part of the GHG 
emissions associated with the land use change and forestry sector that represent 17.4 percent 
of global GHG emissions, is related to agricultural activities. Hence growing attention is 
being paid to GHGs generated by agriculture and to ways by which they can be monitored 
and mitigated. There are, indeed, significant opportunities for GHG mitigation in agriculture, 
but numerous barriers need to be overcome (Smith et al., 2008). Tools are needed to quantify 
agricultural GHG emissions, to identify the major sources, and to design GHG reduction 
strategies.  
Palm oil is now the most used vegetable oil worldwide, accounting for a third of the global 
oils and fats production. About 15% of global production is certified by RSPO (RSPO, 2015), 
which promotes the production and consumption of sustainable palm oil through a voluntary 
certification scheme. Palm oil has received increasing attention due to it being the main 
vegetable oil source, and also because of the deforestation that has been linked to oil palm 
plantation expansion. RSPO recognises the importance of addressing GHG emissions from 
palm oil production and requires that members monitor their sources of GHG emissions and 
implement measures to reduce them. In addition, RSPO organised two working groups on 
GHG emissions between 2009 and 2011, with the mandate to recommend ways of reducing 
GHG emissions across the whole palm oil supply chain and to provide producers with a tool 
to help them monitor GHG emissions and implement reduction plans. Existing GHG 
calculators that have been developed are both crop-generic (e.g. the Cool Farm Tool from 
Hillier et al., 2011) and crop-specific (e.g. the Bonsucro certification scheme for sugar cane). 
However, given the particular modelling needs of oil palm (i.e. a perennial crop with 
significant carbon fixation during its growth that undergoes continuous replanting), a crop-
specific calculator was designed by the second working group. This calculator, named 
PalmGHG, is a development of a previous palm oil GHG balance calculator (GWAPP; Chase 
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and Henson, 2010) and includes state-of-the-art information on palm oil GHG emissions as 
affected by present agricultural and industrial processes. PalmGHG was first developed as an 
Excel© spreadsheet using the life-cycle assessment approach and quantifying the major 
sources of emissions associated with the oil palm crop and palm oil mill, as well as carbon 
sequestration by the oil palm crop. PalmGHG was upgraded into a programmed user-friendly 
tool and the first updated version was released in 2014. The PalmGHG scientific background 
and features are regularly revised and updated by the RSPO Emission Reduction Working 
Group that has replaced the former GHG working group. This paper presents the scientific 
background to the current PalmGHG version 2 (of December 2015) with some insights on 
ongoing improvements and updates to be accounted for in the PalmGHG version 3 to come.  
MATERIALS AND METHODS  
A review of regulatory frameworks and GHG accounting standards was carried out by the 
second RSPO GHG working group (Bessou et al., 2010). It showed that all frameworks rely 
on the application of LCA standards (ISO 14040 and 14044, ISO, 2006), while taking 
advantage of some flexibility in their implementation. There is notably some variability in 
defining the system boundary (e.g. inclusion or otherwise of embodied emissions in capital 
goods; use of animal traction, allocation issues, accounting for indirect land use change, etc.). 
When focusing on GHG assessment, one of the LCA impact categories, all methodologies 
and tools are based on the IPCC guidelines (IPCC, 2006). However, these guidelines provide 
only a general framework with some degree of flexibility according to the level of detail 
needed for the assessment; hence differences in scope, emission factors and reporting units 
may hamper the comparison of results provided by different tools (Colomb et al., 2013). To 
harmonise GHG assessments, three main standards have been recently released: PAS2050 
(2011), the GHG Protocol Product Standard (2011), and ISO 14067 (2012). As a result of a 
cross collaboration, the key methodological rules underpinning quantification in these 
standards are consistent. In particular, key topics such as i) sector or product rules, ii) 
inclusion of biogenic carbon, and ii) land use change, have been brought into alignment.  
PalmGHG is based on a LCA approach, and is mostly in line with international GHG 
accounting standards, especially PAS2050-1 2012, a declination of PAS2050 for cradle-to-
gate assessment of horticultural products and the only standard that specifically addresses 
issues related to horticulture and perennial crops. In exercising the degree of flexibility 
available for implementing those standards, attention was paid to clearly define the goal and 
scope of the tool with the diverse stakeholders and to ensure transparency of all assumptions 
behind the calculation choices. As a GHG calculator, PalmGHG does not encompass the 
comprehensive calculations of a full LCA such as calculations of eutrophication, ozone 
depletion or toxicity impacts. The results of PalmGHG should not be considered as an 
indicator of global environmental impacts, but only of global warming potential. 
Nevertheless, each step of the LCA methodology, where relevant to PalmGHG construction 
and GHG calculations, is carried out according to state of the art methodological 
development and knowledge of the palm oil supply chain. These steps cover the definitions 
of goal and scope, life cycle inventory, impact characterisation and interpretation of results. 
Goal and scope 
PalmGHG provides an estimate of the net GHG emissions produced during the palm oil 
supply chain up to the production of Crude Palm Oil (CPO) or Palm Kernel Oil (PKO) 
depending on the mill being assessed (i.e. whether it includes a palm kernel crushing plant or 
not). The main purposes of the tool are: 
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• Identification of critical points in the life cycle of palm oil products, with the aim of 
guiding GHG reduction opportunities; 
• Internal monitoring of GHG emissions; 
• Reporting to RSPO of the progress of GHG reduction plans.  
To allow for a stepwise identification of main GHG sources and impacting practices along 
the supply chain, GHG emissions are expressed using several reference units. Hence, results 
are given as tonnes of CO2 equivalents (tCO2eq) either per hectare or per unit of intermediate 
or final product: i.e. per tonne of Fresh Fruit Bunches (FFB), per tonne CPO and per tonne 
PKO.  
The system boundary is from cradle-to-gate (Figure 1), i.e. it includes the production of palm 
fruit and transformation into palm oil products up to the mill gate accounting for main 
background processes but does not include the distribution up to the consumer or the 
industrial or consumption stages of palm oil products. With the aim of identifying main 
sources and optimising reduction strategies, PalmGHG does not seek for an exhaustive 
accounting of all GHG emissions. A compromise was reached with the stakeholders to 
account for all relevant main sources recognised in the literature while minimising the data 
collection effort by excluding minor sources. GHG emission sources included are direct land 
use change and peat cultivation, manufacture, transport, spreading and field emissions related 
to fertilisers, fossil fuel use in the field and at the mill, and methane produced from Palm Oil 
Mill Effluent (POME). These emission sources account for about 99% of the total GHG 
balance (Chase and Henson, 2010), which exceeds the 95% cut-off in PAS2050. Excluded 
GHG emission sources are nursery palms, fuel used for land clearing, emissions embodied in 
capital goods, manufacture and transport of chemicals (other than fertilisers) to the 
storehouse, the sequestration of carbon in palm products and co-products, and emissions 
embodied in chemical use at the mill. Most of these items are generally negligible GHG 
sources or sinks (Schmidt, 2007; Choo et al., 2011). Moreover, short-lived biogenic carbon in 
food and feed should not be accounted for according to PAS2050. Carbon dioxide fixed in 
the oil palm trees, ground cover and plantation litter is considered as long-lived biogenic 
carbon and included as a carbon sink in the assessment. Finally, the system boundary does 
not include indirect land use change, also excluded in PAS2050 and not required in the GHG 
Protocol Product Standard.  
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Figure 1: Cradle-to-gate system boundary of CPO and PKO GHG assessments (based on PAS2050 
guidelines) 
 
The palm oil supply chain ending at the mill gate provides one intermediary product (FFB) 
and two potential final products (CPO and PKO). Not all the mills process palm kernel. For 
palm oil and palm kernel, and for palm kernel oil and palm kernel expeller, emissions are 
partitioned according to their respective masses. Besides these major products, the process 
chain delivers numerous co-products. Here, for simplicity, we use “co-product” as a generic 
term for all other products, residues or wastes generated during palm oil production, which 
allows for their changing status over time. Thus, some co-products that were previously 
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considered as waste materials are now finding new uses in line with the “Zero Waste” 
concept. The main co-products are pruned palm fronds, empty fruit bunches (EFB), palm oil 
mill effluent (POME), fibre, shell, and palm kernel expeller (PKE) or cake. Fronds, EFB and 
treated POME are commonly recycled as fertilisers. Methane, emitted during POME 
treatment, may be captured and converted to CO2 (with a much lower global warming 
potential) or used to produce electricity. Options for three different POME treatments are 
provided in PalmGHG. Shell and fibre are usually burnt in the boiler to produce heat and 
power. When excess electricity production can be exported to the grid, emission credits are 
calculated according to the emissions avoided by producing an equivalent amount of 
electricity in the national grid (Malaysia/Indonesia). Another example is the sale of palm 
kernel shell for use by other manufactures as a coal substitute. Emissions related to the 
treatment and transport of internally used co-products are included within the system 
boundary.  
Life Cycle Inventory 
GHG emissions are calculated at the level of the RSPO certification unit, i.e. one mill and its 
supply base. A single mill can be supplied with fruits from diverse plantations including 
those owned by the company running the mill (“own crops”) and others independent of it 
(“out-growers” crops). Life cycle inventories are assembled separately for each plantation or 
entity (such as, e.g. smallholders cooperatives) supplying the mill. PalmGHG uses yearly 
emission and sequestration data to estimate the net GHG balance of the palm products from 
both own and out-grower crops at an individual mill. Land use history is recorded for each 
plantation with a breakdown into percentages of mineral and peat soils. Emissions from the 
biomass cleared at the beginning of the crop cycle are averaged over the crop cycle (25 years 
is set as a default parameter). PalmGHG estimates can be updated yearly to reflect changes in 
operating conditions at both plantation and mill levels. 
Data sources 
Primary data are provided by the producer (or PalmGHG user) while secondary data are 
taken from the literature. Primary data consist of inputs to the plantation and mill. The 
minimum primary data set needed to run PalmGHG includes on a yearly basis: 
i) at the agricultural stage (needed for all supplying plantations): areas planted each year 
with a breakdown of previous land uses recorded separately for mineral and organic (peat) 
soils; total fruit production; fertiliser types, amounts applied, and transport distances; and fuel 
used in the field;  
ii) at the mill stage: total CPO and kernel produced; fuel and electricity from the grid; 
POME treatment; amounts of exported co-products; kernel crusher added fuel and electricity 
used (if relevant). 
Secondary data consist of emission factors and calculation parameters taken from the 
literature (scientific papers, technical reports, and methodological guidelines). Emission 
factors represent GHG emissions embodied in background processes (e.g. manufacturing of 
fertilisers, production of imported electricity), and GHG emissions or sequestration occurring 
at field and mill stages in proportion to inputs fed into the processes (fuel combustion, field 
emissions related to fertiliser use, carbon sequestration in biomass, emissions due to POME 
treatment). Calculation parameters encompass the rest of the numerous parameters needed to 
link process inputs with outputs where the links are not directly addressed by primary data or 
emission factors (e.g. ratio of POME/FFB, N-contents of diverse mineral and organic 
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fertilisers, water table level etc.). The aim is to provide users with as many default values as 
possible to ease data collection. However, PalmGHG remains flexible and allows for changes 
in default values and keyed in own measurements once primary data become available. But, 
these changes must be sound and made transparent when reporting results. 
Land clearing and crop sequestration 
The approach used to evaluate the contribution of land use and land use change (LULUC) to 
net GHG emissions is based on the Stock-Difference Method of IPCC (2006) Tier 1. The 
time interval to assess the stock-difference corresponds to the average crop cycle length (i.e. 
25 years). The calculator estimates the total emissions occurring each year due to land 
clearing for new plantings, adds them up, and finally divides by the number of years in the 
average crop cycle to obtain an average emission per ha per year. It must be noted that 
allocation of land clearing emissions is still a debated issue as to whether it should be based 
on a fixed amortisation period such as the 20 years recommended by IPCC (2006) and 
PAS2050 or on a discount rate (Fearnside, 2002; Brandão et al., 2012), and whether 
allowance should be made for a cut-off year such as 2008 as proposed in the European 
Directive on Renewables (European Union Commission, 2009). In PalmGHG, both 
calculations with or without considering the 2005 RSPO cut-off year are made available. 
Default values of previous land uses currently available in PalmGHG consist in 6 land use 
types with carbon stock based on a literature review and harmonised calculations to 
consolidate above and below ground biomass stocks. The land cover values in PalmGHG are 
provided as guidance in the absence of site-specific measurements, which are generally not 
available. Further options can easily be incorporated and the choice of previous land uses will 
be expanded and updated regularly. Further guidance will be also required for the audit of 
PalmGHG input data, on how to link evidence for previous land uses (such as aerial 
photographs or maps) to specific land use classes and carbon stocks, especially in the case of 
user-defined land use options made available in the future based on on-site field 
measurements. Clearing of primary (i.e. undisturbed) forest is not accepted within the 
framework of RSPO Principles and Criteria after 2005; however, this option for previous land 
use has been included in case growers want to assess the effects of areas cleared prior to 
RSPO certification, which would provide a more accurate assessment of total embedded 
emissions.  
Emissions arising from land clearing are calculated based on a 45% C content of the biomass 
dry weight (above-and below-ground) of previous vegetation. The emitted carbon is then 
converted to CO2 by multiplying by 44/12. In PalmGHG changes in organic carbon in 
mineral soils due to land use changes are not accounted for due to a lack of consensual and 
reliable data on soil organic carbon stocks prior to and after oil palm establishment (Agus et 
al., 2013).  
Data for carbon sequestration in the crop can be obtained from different sources. The 
preferred option is to base them on direct measurements, but where the resources for 
undertaking this are not available, modelled data may be used instead. The data needed 
include planting density and frond and trunk dry weights for palms of different ages. These 
can be obtained following the methods described by Corley et al. (1971) and Corley and 
Tinker (2003). Guidance from an experienced agronomist is usually required to analyse these 
data further before they are used to generate sequestration values.  
Several models are available in the absence of measured data to estimate sequestration. 
Examples are the OPRODSIM and OPCABSIM models (Henson, 2005; Henson, 2009) 
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which are specifically designed to estimate oil palm and other plantation biomass (e.g. litter 
and ground cover) throughout the life of the crop, largely based on Malaysian conditions. 
OPRODSIM and OPCABSIM produce annual values of standing biomass for the oil palms 
(above and below-ground), ground cover, frond piles and other plantation litter (shed frond 
bases and male inflorescences). The total amount of carbon sequestered in the reporting year 
is calculated by multiplying the area of each year of planting by the amount of carbon 
sequestered, adding these together, and dividing by the total area to give tC/ha/yr. Field 
observations revealed that biomass growth and yields are generally lower in the case of out-
growers (Chase and Henson, 2010; Khasanah et al., 2012). To reflect this difference, 
contrasting simulation scenarios of crop sequestration can be used as default estimates within 
PalmGHG for mill own crops and out-growers. A “vigorous growth” simulation model is 
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Figure 2: Standing biomass in oil palm stands as simulated with OPRODSIM (Henson, 2005, 2009); a) 
Total standing biomass with a vigorous growth with the details of most important biomass 
components, b) Comparison of total standing biomass with a vigorous growth or an average growth.  
 
Field emissions 
Emissions due to fertilisers contribute significantly to the final GHG balance of palm oil 
(Yusoff and Hansen, 2007; Pleanjai et al., 2009; Arvidsson et al., 2011; Choo et al., 2011). 
For synthetic fertilisers, emissions consist of i) indirect upstream emissions during their 
manufacture and transport from production sites to the field; ii) direct field emissions linked 
to physical and microbial processes in the soil, and iii) indirect field emissions following re-
deposition or re-mobilisation of previous direct N-losses after fertiliser application. 
Emissions during fertiliser production vary with the type and location of the product from 44 
to 2,380 kgCO2eq/t fertiliser (Jensson and Kongshaug, 2003). Provision is made in PalmGHG 
for use of nine widely available synthetic fertilisers and two organic ones (EFF and POME) 
but additional fertiliser types can be included by the user if required. Calculation parameters 
will be provided in PalmGHG version 3 for NPK compound fertilisers. Direct and indirect 
N2O field emissions are calculated according to IPCC Tier 1 (IPCC, 2006). Nitrogen fertiliser 
emissions are converted to N2O by multiplying by 44/28. Following the same guidelines 
(IPCC, 2006), CO2 emissions from urea, which is subject to substantial volatilisation losses, 
are also accounted for. The emitted carbon is converted to CO2 by multiplying by 44/12. 
Emissions due to EFB and POME production are already accounted for intrinsically within 
the supply chain assessment. The amounts of EFB and POME, unless measured directly, are 
calculated from total FFB assuming 0.5 tPOME/tFFB (Yacob et al., 2005) and 0.22 tEFB/t 
FFB (Gurmit, 1995). Direct and indirect field emissions of N2O are calculated according to 
IPCC Tier 1 based on N content, assumed to be 0.32% for EFB and 0.045% for POME 
(Gurmit, 1995). The default amounts of EFB and POME, as well as their N contents can be 
substituted with on-site measurements if these are available. Methane emissions due to 
POME are accounted for at the mill stage (cf. Mill emissions).  
Other emissions due to field operations arise from fossil fuel consumed by machinery used 
for transport and other field operations, and are calculated based on an emission factor of 
3.13 kg CO2eq/L diesel (JEC, 2011). Total field fuel used includes fuel used for the transport 
of workers and materials, including the transport and spreading of fertilisers, the transport of 
FFB from the growing areas to the mill, and the maintenance of field infrastructure. Data on 
field fuel used in different operations is usually not disaggregated and only the overall fuel 
purchased is normally recorded. A pragmatic approach was hence adopted for calculating 
emissions by including fuel used by the whole plantation over a specific period of time. 
Peat cultivation  
Cultivation of oil palm on peat results in the continuous emission of CO2 due to the oxidation 
of organic carbon in the peat that results from peat drainage and lowering of the water table. 
There are also smaller, but variable peat-related N2O emissions. Release of both GHGs 
involves enhanced microbial activity. Research is still ongoing to determine more precisely 
the magnitude of these emissions, and how they are affected by such factors as drainage 
depth, peat subsidence and plantation age. The RSPO GHG WG2 intensively reviewed the 
effects of peat cultivation on GHG emissions and identified management options designed to 
reduce rates of subsidence and loss of carbon (RSPO, 2012). In its findings, the Working 
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Group placed emphasis on the importance of managing the water table depth to limit CO2 
emissions. CO2 emissions due to peat cultivation are currently calculated using Eq. 1. This 
linear correlation is based on a meta-analysis on various published field measurements 
(Figure 3, Hooijer et al., 2010). Peat CO2 emissions will thus vary with water table 
management, which gives incentive for the grower to improve practices and lower GHG 
emissions. In PalmGHG, a default drainage depth when water table is actively managed is set 
to 60 cm, considered, as good management practice (RSPO, 2012) to be the maximum water 
level to be maintained below the peat surface. From Eq. 1 this leads to an annual emission of 
54.6 tCO2/ha. The default water table depth is set to 80 cm (or 100 cm according to various 
PalmGHG versions 2) in cases where the water table is not actively managed. RSPO 
Emission Reduction Working Group is currently working on providing growers with 
guidance to measure peat drainability and water table levels. 
 
Peat CO2 emission (tCO2/ha.year) = 0.91 x Drainage depth (cm)   Eq. 1 
 
Figure 3: Correlation between emission rate and water table depth based on a field measurements 
meta-analysis (Hooijer et al. 2010) 
For N2O emissions, data relating emissions to drainage depth are presently inadequate. 
Therefore, the IPCC Tier 1 emission factor of 16 kgN-N2O/ha.yr is used as a default (IPCC, 
2006). Further research is needed to better define how agricultural management and in 
particular water table management and nitrogen use, affect the amount of CO2 and N2O 
emissions linked to peat cultivation. As more data become available, PalmGHG will need 
updating. In the meantime users have the option of using actual data measured in the field if 
these are available.  
Mill emissions 
At the mill level, two main sources of GHG emissions are present, fossil fuel consumption 
and methane emission from POME. Fuel emissions are calculated as in the field using the 
conversion factor of 3.13 kgCO2eq/L diesel (JEC, 2011). Diesel use is usually limited and is 
mostly needed to start the mill machinery following shut-downs (Pleanjai et al., 2009). 
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Methane emissions from POME vary according to the treatment applied. The amount of 
methane (CH4) produced per unit of POME when conventionally digested in open ponds is 
taken to be 12.36 kgCH4/tPOME (Yacob, et al. 2006). However, options are provided for the 
capture of methane which is then either flared or used as a fuel to generate electricity. 
Calculations of CH4 production and losses during digestion, flaring, and electricity 
production are based on factors derived by Schmidt (2007) and the UK Environment Agency 
(2002). As CH4 emissions may vary widely across mills, PalmGHG version 3 will include a 
new option to calculate CH4 production according to on-site measurements of COD1 
reduction (Figure 4) and a calculation formula from UNFCCC2. 
Emissions involving CH4 are calculated in terms of CO2eq using a global warming potential 
of 22.25 kgCO2eq/kgCH4 instead of 25 kgCO2eq/kgCH4 (IPCC, 2007b) to allow for reduced 
emissions of biogenic CO2 originally fixed by photosynthesis (Wicke et al., 2008; Muñoz et 
al., 2013). When CH4 is flared and converted to CO2 these emissions are not accounted for 
because of their biogenic origin. However, provision needs to be made for the small fraction 
of methane that escapes conversion. When CH4 is used to generate electricity then the 
amount of substituted electricity is calculated based on an energy content of 45.1 MJ/kgCH4 
(Lower Heating Value assumed to be equivalent to that of EU natural gas mix (JEC, 2011). 
The corresponding emissions avoided (i.e. credit) by the exported excess electricity produced 
are calculated using the average of the emission factors for grid electricity reported for 
Indonesia and Malaysia (RFA, 2008).  
Figure 4: Correlation between emission rate and water table depth based on a field measurements 
meta-analysis (Hooijer et al. 2010) 
A further credit is provided in case excess palm kernel shell is sold for use as a substitute for 
coal in industrial furnaces. If the palm oil mill is isolated from the electricity grid, it may not 
                                                          
1 The chemical oxygen demand (COD) is an indicator of the particulate organic matter content of effluents; 
effluent treatments aim at reducing COD below legal thresholds. 
2 UNFCCC-CDM. AMS-III.H: Methane recovery in wastewater treatment. Version 18.0 
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be possible to sell surplus electricity, and a valid alternative to make the most of the mill co-
products is to sell any solid waste to users of solid fuel. Palm kernel shells (PKS) are 
currently in high demand in Malaysia as they are used to substitute fossil fuels in cement 
works, plastic and chemical factories, and in brick and timber kilns. The most likely fuel to 
be replaced by PKS in those factories is coal, and thus the emissions displaced by not burning 
coal may be considered as a credit for the palm oil system . Assuming a gross calorific value 
of 28.2 MJ/kg for coal and 20.5 MJ/kg for PKS , each tonne of PKS sold by the mill would 
displace about 726 kg coal in an industrial kiln. The exact amount displaced depends on the 
quality of the coal, and ranges between 600 and 750 kg coal per tonne PKS. The GHG 
emissions related to the combustion of coal are about 105 gCO2eq/MJ, or ca. 3 kgCO2eq/kg 
coal. Thus, the approximate emission saving from PKS sold to industrial furnaces becomes -
2,203 kgCO2eq/t, and ranges from -1,820 to -2,276 kgCO2eq/t. As the exact final use of 
exported shell is not guaranteed, another more conservative assumption will be implemented 
in PalmGHG version 3, i.e. a mass allocation ratio in order for the excess sold shell to leave 
the studied system with an embedded emission burden. 
Impact assessment 
Following IPCC guidelines (2006), the GHGs considered are CO2, N2O, and CH4. 
Conversion factors (i.e. global warming potentials) of N2O and CH4 into CO2eq are as given 
by IPCC (2007b), and correspond to a 100 year timeframe. The conversion factor for N2O is 
298 CO2eq. For carbon-based GHG, in summary, a factor of 0 is used for CO2 fixed in (or 
emitted from) short-lived biomass (such as the palm fruit or the emissions derived from it 
when palm oil is consumed); a factor of -1 is used for CO2 fixed in biomass for a longer 
period (e.g. in palm trunks); and a factor of 22.25 CO2eq is used for CH4 emissions arising 
from biogenic carbon not previously accounted for as fixation (e.g. emissions from POME 
arising from carbon in the palm fruit). 
RESULTS  
GHG hotspots and contribution analysis 
The GHG balance of a virtual mill was calculated with PalmGHG given a set of dummy but 
still representative data. This mill represents a base case with widespread characteristics for 
common mills in Indonesia and Malaysia, the main world producing countries. This base case 
was established by experts who have decades of experience in oil palm agronomy and data 
collection at field and mill levels. In this base case, the mill is supplied by both own crops 
(~9,800 ha) and outgrowers (~9,500 ha). Palm trees were planted on mixed previous land use 
(incl. oil palm, rubber, grassland and logged forest), and 3% of own crops were established 
on peat soil without any active water table management. Average yields are 20 tFFB/ha for 
own crops and 14 tFFB/ha for outgrowers. The average fruit throughput in the mill is 330,000 
tFFB/yr with an average oil extraction rate of 21%. The calculated GHG balance for this 
virtual mill was 1.08 tCO2eq/tCPO. Half of the total net emissions occurred at the field stage, 
and half at the mill stage. At the field stage net emissions from own crops (37.4% of the net 
GHG balance) were higher than from outgrowers’ (12.6% of the net GHG balance). Higher 
emissions in own crops’ estates were mostly due to peat emissions and to a lesser extent to 
higher fertiliser use.  
Contributions of each source are detailed in Figure 5. Main emission sources were land 
clearing, methane from POME conventional digestion, peat cultivation and fertiliser-related 
emissions. In this base case, emissions due to the clearing of mixed previous land use were 
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compensated by carbon sequestration in the plantations. If previous land uses would consist 
of only primary or logged forests, the net GHG would be significantly higher as showed in a 
scenario testing of PalmGHG on pilot data sets (Bessou et al., 2014). On the contrary, in the 
same pilot study, it was shown that grassland as single previous land use could lead to 
negative net GHG balance. At the mill stage, only one source of GHG emissions was 
significant, which was CH4 from conventional POME digestion accounting for almost half of 
the net GHG balance. The importance of CH4 emissions from POME treatment has been 
emphasised by several authors (Schmidt, 2007; Choo et al. 2011). Technical options exist that 
enable to capture the biogas emitted during POME treatment in order either to flare CH4 and 
spare some additional GHG emissions, or to convert it to electricity when connection to the 
grid is feasible (Chavalparit et al. 2006; Chuchuoy et al. 2009; Choo et al. 2011). These 
options are provided in PalmGHG.  
Whereas peat soils only represent 3% of the total supplying area, emissions related to peat 
cultivation accounted for roughly one fourth of the net GHG balance. This highlights that 
peat cultivation represents a serious challenge in terms of GHG mitigation. Some best 
management practices were stressed by the RSPO working group on peatland (RSPO, 2012). 
The authors showed that an active management of the water table to limit the drainage depth 
can reduce the peat subsidence rate and GHG emissions. In PalmGHG, default drainage 
depths are provided in both cases of active or no water table management. The user also has 
the possibility to enter the exact drainage depth when this one is measured. Finally, fertiliser-
related emissions accounted also for almost one third of the net GHG balance. N2O emissions 
due to fertiliser application in the field were twice as much as GHG emissions related to 
fertiliser manufacture and transport.  
 
 
Figure 5: Contributions to GHG balance of a virtual mill assessed with PalmGHG. Base case for the 
virtual mill: mixed previous land uses, peat 3% of total area (no active water table management), 
conventional digestion of POME, OER 21%, own crops mean yield 20 t FFB/ha, outgrowers’ mean 
yield 14 t FFB/ha. 
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Sensitivity analysis 
A sensitivity analysis was conducted on the main parameters. The sensitivity of the calculator 
(PalmGHG version 1) was tested by looking at the variation of the final GHG balance of the 
virtual mill analysed above with a stepwise variation of individual parameter between ±80% 
of their default values. 22 parameters were tested with the same base case scenario as 
previously used (Figure 6). 5 other parameters were also tested in the case of flaring or 
converting to electricity CH4 emissions from POME.  
Parameters constituting the main contributing processes were logically among the most 
sensitive ones. Among the first 22 tested parameters (Figure 6), only 5 were remarkably 
influencing the final GHG balance. A single variation of the remaining 17 parameters 
between ±80% of their default values only led to a variation of ±2% of the final GHG 
balance. The main sensitive parameters are the couple tPOME/tFFB and kgCH4/tPOME, 
closely correlated. A single variation of one of these 2 parameters led to a variation of up to 
±40% of the final GHG balance. The extreme variation of both parameters individually 
affected POME emissions directly, resulting in up to a five-fold decrease (-80%) and to a 
roughly two-fold increase (+80%) of POME contribution to the total emissions. The 
parameter tPOME/tFFB also contributed to a smaller extent to an increase/decrease in field 
emissions (±2% of field N2O emissions). A parallel variation of both parameters together 
would lead to a further 15% change in final GHG balance.  
Default drainage depth (without active management of water table) and the CO2 peat 
emission factor (tCO2/ha.yr) were also among the most sensitive parameters. These 
parameters are equally affected by the multiplying factor (Eq. 1). A single variation of each 
of them led to a maximum decrease/increase of ±21% of the final GHG balance. In both 
cases, only peat emissions were affected, and increased/decreased proportionally (±80%).  
The carbon stock in previous land uses was a very sensitive parameter given the major 
contribution of land clearing to total emissions. The relative sensitivity of the diverse land 
uses depended on both their proportions in the base case scenario and the relative importance 
of the baseline default values. Hence, for the tested virtual mill, the main sensitive previous 
stocks were rubber (~3,800ha, 62tC/ha), then logged forest (~1,400ha, 87tC/ha); leading to 
maximum variations of ±28% and ±15% of the final GHG balance; respectively. Grassland 
represented roughly the same surface area as rubber (~1,600ha) but was not a sensitive 
parameter due to very low carbon stocks (5tC/ha) notably compared to rubber.  
The phenomenon was the same for the relative sensitivity of PalmGHG to the diverse 
fertiliser types. Emissions embodied in Urea production are lower than those in Ammonium 
Nitrate (AN), but, in the base case, the total amount of Urea used is much higher than that of 
AN especially in the outgrowers’ plantations. The influence of fertilisers is, however, not 
limited to their embodied emissions in production and transport. The complete picture also 
includes their N-content and the field emissions. Numerous parameters are involved in 
determining field emissions. In particular, the direct N2O emission factor appeared to greatly 
influence the final results with maximum variations of ±10% of the final GHG balance, due 
to variations of ±52% of the field emissions. Further parameters related to field emissions 
were less sensitive. A five-fold multiplication of “N lost through runoff and leaching”, “N2O 
indirect emission factors through runoff and leaching or volatilisation”, as well as or “N2O 
emissions from peat” led to an increase of merely 10% of the final GHG balance.  
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Figure 6: Sensitivity analysis of PalmGHG (version 1) main parameters 
 
With the same data set, a scenario including methane capture, and flaring or conversion to 
electricity was tested. When methane is flared the GHG balance is reduced to 
0.65 tCO2eq/tCPO, with a drop in mill contribution from 50 to 17% of total emissions. The 
parameters tested, i.e. %CH4 lost from digestion and %CH4 lost in flare, were merely 
sensitive with a maximum GHG balance variation of ±4-7% with parameter variations of 
±80%. When methane is converted to electricity the GHG balance is reduced to 
0.55 tCO2eq/tCPO, with a mill contribution merging to 1% of total emissions. In this context, 
the variations of the parameters could hardly influence the final results. Variations of ±80% 
of the gas motor efficiency and the proportion of total CH4 converted to electricity would 
only lead to a minimum of 0.50 tCO2eq/tCPO and a maximum of 0.59 tCO2eq/tCPO. In terms 
of further improvement of PalmGHG, it is hence more interesting at the mill stage to focus on 
better modelling the influence of operations and treatments on POME production and CH4 
emissions.  
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PalmGHG pilot testing and training 
A pilot study was carried out in 2011 with nine RSPO member companies that gave an 
average of 1.67 tCO2eq/t crude palm oil (CPO) (Bessou et al., 2014). During this pilot testing 
it was shown that PalmGHG can help to identify GHG emission ‘hot spots’ and test 
management scenarios, hence helping to define GHG reduction strategies. Feedback from the 
pilot companies highlighted problems in data collection. However, it is expected that 
difficulties related to data recording will progressively diminish once the monitoring becomes 
routine. Data collection for outgrowers is a critical issue and PalmGHG version 2 allows for 
using default factors in the case of missing data from outgrowers’ plantations. However, for 
the purpose of new plantings, RSPO Emission Reduction Working Group is presently 
working on a dedicated smallholders’ guidance in order to assess their GHG emissions on 
their own plots. 
Since the public release of PalmGHG two first versions, RSPO has already organised several 
training workshops in order to familiarise growers and auditors with the use of PalmGHG and 
to solicit feedback on future improvements to the calculator. Further information on future 
trainings can be found on the RSPO website www.rspo.org.  
DISCUSSIONS  
Comparison with published results 
The order of magnitude of GHG balances calculated with PalmGHG is within the range of 
results found in the literature. These results vary from 0.6 to 19.8 tCO2eq/tCPO (with a 
median value around 2 tCO2eq/tCPO), depending on system boundaries and particularly on 
assumptions regarding land clearing and peat emissions (Schmidt, 2007; Reijnders and 
Huijbregts, 2008; Siangjaeo et al., 2011). Across published studies, land use change (LUC) is 
one of the most important factors affecting GHG emissions of palm oil and palm oil 
biodiesel, especially when primary forest is the previous land use (Wicke et al., 2008; 
Rejinders and Huijbregts, 2008; Zulkifli et al., 2009; Reinhardt and von Falkenstein, 2011). 
In this study, land clearing emissions were also one of the main contributors, although the 
relative contributions would depend on the distribution of the diverse previous land uses over 
the supply area. The sensitivity analysis highlighted the primary role played by carbon stocks 
in the diverse land uses. Besides land clearing, all studies agree that main GHG contributors 
are fertilisers and related field emissions at the farm stage, and POME emissions at the mill 
stage (Yusoff and Hansen 2007; Schmidt, 2007; Pleanjai et al. 2009; Arvidsson et al., 2011; 
Choo et al., 2011). This large contribution of the farm stage is not significantly reduced when 
including the refinery stage (Pleanjai et al., 2009; Choo et al. 2011). As shown with the 
methane capture from our base case, the impacts from POME can be drastically reduced if 
the biogas is captured at the mill (Chuchuoy et al. 2009; Choo et al. 2011) and the 
contribution of the mill stage becomes even smaller if this biogas is used to fuel the mill 
(Chavalparit et al. 2006). Finally, the drastic impact of peat emissions was also shown in 
Schmidt (2010), where cultivation on peat increased the contribution to global warming with 
a factor of 4–5 compared to cultivation on the current mix of soils types. 
LULUC and carbon sequestration 
Accounting for biogenic carbon in GHG assessments is not trivial. First, as highlighted by 
several authors (Brandão et al., 2012), biogenic carbon sequestration through biomass growth 
may only consist in a time delay between absorption and emission. Nevertheless, the human 
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short-term visibility (compared to the geological time scale) has led to specific considerations 
regarding land clearing and carbon sequestration which tend to compromise between 
scientific and political rationales. PalmGHG relies on subsequent international agreements 
such as PAS2050 and IPCC (2006). Knowing that some of these considerations might be 
eventually revised, results of PalmGHG (as well as those from the majority of GHG 
assessments or LCA studies) cannot be taken as absolute but rather as relative ones that can 
suit comparative purposes.  
In the year of land clearing the GHG emissions will contribute to an emission peak that will 
be largely absent in succeeding years. However, it is common practice in such circumstances 
to average (amortise) the loss over a time period (as one would amortise the cost of building a 
factory over a few years); such period could in theory be centuries-long when one knows that 
land will be used for human purposes almost indefinitely, but it tends to be fixed in a shorter 
length over which there is enough certainty; this emphasises the weight of immediate actions. 
In practice, the land use change amortisation period is set to the lifetime of the new crop or a 
20-year period (IPCC, 2006; European Union Commission, 2009). This is the approach taken 
in PalmGHG which uses the intended crop cycle length (usually 25 years), as the 
amortisation period. The crop cycle length appeared to be a very sensitive parameter. With 
our base case, a variation of this length by ±80% led to a variation in the GHG balance by -
70% to +400%; a 20-year crop cycle instead of 25 years would lead to an increase of the 
GHG balance by 37%. In PalmGHG version 1, the crop cycle length was keyed in by the 
grower and could vary across plantations. This factor could induce bias in the comparison of 
successive assessments and in case on unanticipated changes in the effective crop cycle 
length. The 25-year cycle was hence subsequently fixed. Biases remain possible. In the case 
of shorter crop cycles than expected for instance (e.g. in new plantations that have not 
completed a full cycle yet), care should be taken that all emissions from land clearing were 
“paid-back”. In the same way, the use of the crop model to calculate crop sequestration in the 
year it occurs, thus depending on the age of the plantation, leads to variations in the balances 
from year to year and potential bias in case of short-term GHG monitoring (only a few years) 
of unevenly distributed plantations (Bessou et al., 2014). In future PalmGHG versions, a fix 
carbon stock for oil palm stand may be implemented. The evolutions along PalmGHG 
versions and perspectives are summarised in Figure 7. 
Data and models are missing to assess properly the long-term dynamics of carbon pools in 
agro-ecosystems (Soussana et al., 2004; Seguin et al., 2007), especially in the tropics 
(Plassmann et al., 2010; Flynn et al., 2012). In PalmGHG, we could not account for a 
comprehensive dynamics of carbon within the agro-ecosystem. In particular, the 
decomposition of co-products applied in the field and the effect on soil carbon in mineral 
soils should be more deeply investigated and accounted for. Changes in soil organic matter in 
mineral soils might be significant in the long term in some circumstances and may have to be 
included in future versions of PalmGHG. It is a difficult area and in order to obtain 
meaningful data complex long-term studies will be needed.  
Indirect land use change is not covered by PalmGHG although it is recognised as an 
important aspect affecting land use planning that needs to be taken into account if the 
consequential effects of oil palm area expansion are to be fully accounted for. Such a 
consequential approach might also allow for a better allocation of land clearing emissions by 
taking into account the drivers for land clearing at the global level. Indirect land use change is 
a consequence of national and international level land use planning, though, and thus beyond 
the scope for a growers’ management tool such as PalmGHG. 
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Finally sequestration of carbon in areas where vegetation is being conserved on land that 
would otherwise be used for oil palm may also be considered in each year’s carbon budget. 
However, no default values are provided for this, as the amount that is being sequestered will 
depend on the type and maturity of the vegetation, as well as on climatic, management and 
soil factors. Growers reporting sequestration in their conservation areas will need to carefully 
assess the annual sequestration, preferably supported by field measurements. This is an aspect 
that is still under consideration by RSPO in the light of international mechanisms such as the 
UN’s REDD+ (Reduction of Emissions from Deforestation and forest Degradation). The 
amount of sequestration in conservation areas could, alternatively, be reported separately 
from the palm oil GHG balance and the evidence carefully monitored in the audit process. 
 
Figure 7: Evolutions along PalmGHG versions and improvement perspectives 
 
CONCLUSIONS  
PalmGHG was designed to be flexible in order to use field data and update default values 
easily. RSPO fosters the continuous improvement of the tool. In particular, knowledge 
improvement on the modelling of emissions from peat and co-product treatments and uses 
will allow for updating defaults and introducing new parameters in order to better mimic the 
causal-effect chain between practices and impacts.  
The sensitivity analyses provides a very useful guidance to the research efforts that would 
significantly reduce the uncertainty linked to GHG assessment of palm oil products, by 
identifying those parameters that have a greatest effect on the results. In this sense, guiding 
data collection in mills to quantify the POME/FFB and CH4/POME ratios could provide a 
significant reduction of the uncertainty in the results. 
Despite its limitations, PalmGHG already provides useful information for the managers of 
plantations or mills towards reducing GHG emissions, and may be easily and regularly 
updated and improved. 
Finally, a life-cycle cost analysis could be appended to the GHG balance to constitute an 
integrative management tool for the companies. It would imply a connection to database 
systems used by companies, such as SAP supply chain management software, and ease the 
use of PalmGHG on a routine basis. 
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